ABSTRACT: Loess landslide is one of the main geology disasters in the loess area. Loess landslides have closely relation with the seepage of surface water in the loess with fissures. Water may seep along the different directions in loess with fissure. The confining pressure has a big influence on the water seepage in soil, so it is very important to research the properties of water seepage in the loess with fissure in the different directions and the influence of confining pressure on the loess's permeability. The tri-axial test is used in this paper. Test results demonstrate that (1) velocity of water going forward is different when water seeps along different directions of fissure loess. (2) The permeability of loess has closely relationship with its structure. (3) The seepage of water is slower when water seep vertically with fissure in the loess. (4) The faster the sample is saturated, the bigger growth rate of the sample's volume strain will be. (5) The saturated hydraulic conductivity of loess is increased with the increase of the confining pressure. The study can provide the reference for the research of surface water seepage along the fissures and loess landslides.
INTRODUCTION
China is a country where the loess is widely distributed, in which the distribution area of loess is about 640,000 km 2 . Landslides and collapses occur frequently on the loess plateau, which is closely related to steep terrain, broken structure, irrigation and rainfall. At present, in order to prevent the occurrence of loess landslides and collapses, people do not plant crops and irrigate nearby the fissures. The water can seep not only vertically but also horizontally. Loess is unloaded in the lateral direction and confining pressure is decreases after the loess landslide, so it is necessary to research the influence of confining pressure on the permeability of the loess with fissures. After fissures are formed, they are quickly filled with loess because of planting. Therefore, the influence of the confining pressure and seepage directions on the permeability of loess with filled fissure is studied in this paper. There are many literatures on the permeability of soil. Li Ping, Wang Zhi-jie, et al. studied the permeability of saturated loess [1, 2] . Liang Yan, Liu Peng-fei, Li
Yong-le et al. [3, 4, 5] studied the permeability of unsaturated loess. Cui Ying, Sun
Da-song et al. studied the permeability of unsaturated expansive soil [6, 7] . Wang Yong et al. studied of the permeability of unsaturated sand [8] . Xu Yong-fu et al.
studied the influence of pressure on the permeability of the unsaturated loess [9] .
Li Yong-le et al. studied the influence of confining pressure and water content on the permeability coefficient of unsaturated soil in the Yellow River levee [5] .
Cai Guo-qing et al. proposed a method for predicting the relative permeability of unsaturated soils at different temperatures [10] . Liu Jie et al. studied the seepage characteristics of fractured sandstone in the different filling and loading paths [11] . There is little literature on the permeability of the loess with fissures.
The tri-axial test apparatus can be used to do seepage test very well, which can precisely control the test stress, measure the drainage quantity and the specimen's strain in the seepage process. Therefore, the influence of seepage direction and confining pressure on the permeability of loess with filled fissure is studied by tri-axial test apparatus. This research may provide reference for not only the mechanism research of loess landslide and collapse, but also prevention of loess landslide and collapse.
RESEARCH METHODS AND PROPERTIES OF SAMPLE 2.1 Physical characteristics of loess sample
Sample is taken from Jing-yang County, Shaanxi province, China in the depth about 2m. It is brown, a little bit hard, composed mainly by silt, and with needle-like big pore. The natural water content is 11.14% and natural density is 1.540g/cm 3 .
Preparation of test specimens
A cylindrical specimen with diameter of 39.1mm and height of 80mm was prepared. The vertical fissure was cut along the symmetry plane of the sample and the horizontal fissure was cut along the middle cross section of the loess sample. The fissure is filled with the loess.
The test scheme is shown in Table 1 and the physical characteristics of loess samples are shown in Table 2 . The test was divided into two groups. The first group studied the permeability of water in different directions along the fissure soil. The second group studied the influence of confining pressure on the permeability of fissure soil. Table 2 . Physical Characteristics of Loess Samples.
Test methods
The tri-axial test apparatus manufactured by Nanjing Soil Instrument Factory was used. The samples were installed according to the requirements of the "Tri-axial Test Regulation" (SL237-1999). The test aim of the first group of test is to study permeability of different types of loess. The water pressure was maintained in 15KPa in the period of tests. The test aim of the second group of test is to study the influence of confining pressure on the permeability of fissure loess with filling. The test process in the second group of test is as follows. Firstly, add a confining pressure of 400KPa on the sample until confining pressure becomes stable. Do the permeability test by adding water pressure of 5KPa on the top of sample until the seepage becomes stable. Secondly the confining pressure is unloaded to 300KPa, and permeability test is done as the test process of 400KPa. Finally, finish the permeability test of 200KPa as the test process of confining pressure 400KPa and 300KPa. The seepage of water is from the top of the sample to the bottom in the tests. The permeability coefficient (K) was calculated by the following formula:
Where, Q is the flow quantity in the time t; ΔH is the water pressure; L is the length of the water flow through the loess sample, which is the sample height in this paper; F is the cross-sectional area of the loess sample.
ANALYSIS AND TEST RESULTS

Permeation test in different directions along the fissure soil 3.1.1 Permeability
During the test, the process of water wetting the sample was recorded by the video. Through the video information, obtain the relationship between the wetting peak and the test time as figure 1. The wetting peak of the undisturbed soil is the biggest. The wetting peaks of the fissure soils are less than that of the undisturbed soil. The wetting peak nearby the level fissure moves faster than sample with vertical fissure, but speed of the water advancing reduces after the water enters the undisturbed part of sample from the level fissure. The relationship curve between the wetting peak and the time of the fissured loess coincides after the wetting peak arrives at 67mm in the sample. The relationship between drainage quantity and test time is showed in the figure 2. The curves in the figure 2 can be divided into three stages. In the first stage the drainage quantity increases with time in a nonlinear way. It indicates that water in the test drainage tube is drained away. In the second stage the drainage quantity is almost constant. It means that air in the sample is exhausted. In the third stage the drainage quantity increases linearly with time. Sample is gradually wetted until completely saturated in the first and second stages. Water seeps in saturated sample in the third stage.
The test time at the end of the second stage and the saturated permeation coefficient are shown in Table 3 . The test time of the undisturbed soil at the end of the second stage is 28.59 min, while the test time of loess samples with vertical fissure and level fissure are 107.5 min and 132.42 min, respectively. This indicates that the undisturbed soil is the fastest to enter the saturated stage from the unsaturated stage. The loess sample with level fissure is the slowest to become saturated. The permeability is small when water seeps perpendicular to fissure. The test time of sample with level fissure being saturated is 4.63 times as that of undisturbed loess and 1.23 times as that of sample with vertical fissure.
Comparison of saturated permeability coefficient in the table 3, the saturated permeability coefficient of loess with level fissure is biggest. This indicates that permeability increases when a-layer thick soil is divided into two-layer thin soil. Permeability is closely related to the structure of sample. The saturated permeability coefficient of the undisturbed soil is bigger than that of soil with the vertical fissures. It indicates that homogeneous undisturbed loess, no fissure, benefits infiltration and filling fissure can reduce the permeability.
Table 3. Test Results of the First Group of Test.
Comparing with undisturbed soil, the unsaturated permeability in loess samples with fissures is smaller, so it needs a long time to saturate samples with fissures. The saturated permeability coefficient of loess with level fissure is the biggest. The drainage quantity of undisturbed soil is biggest in the tests. The structure of loess such as existing of fissure has an obvious influence on the permeability. When water seeps in fissure loess in different directions, the permeability is different.
Volume strain
The relationship between volume strain and test time in the first group of test is shown in figure 3 . Results show that the growth rate of volume strain in the undisturbed soil is the biggest. Volume strain increases sharply after test passes about 6 hours. It indicates that soil sample has been destroyed by the effect of the seepage force. The growth rate of volume strain of loess sample with vertical fissures is nearly the same as that of sample with level fissures. Their growth rates all are smaller than that of disturbed soil.
The volume strain of the undisturbed soil was 0.19 at the test time of 360 minutes. The volume strain of sample with vertical fissure is 0.14 and that of sample with level fissure is 0.12. The maximum difference of volume strain among loess samples is 5 percent. According to the relationship between drainage quantity and test time, it needs the shortest time for the undisturbed soil to become saturated. So the faster the sample is saturated, the bigger the growth rate of volume strain will be. 
.1 Permeability
The relationship between drainage quantity and test time in the different confining pressures is shown in figure 4 . The drainage quantity increases basically linearly with test time in a certain confining pressures. When the confining pressures increase, the growth rates of the drainage quantity increase slightly. The growth rate of the drainage quantity and the saturated permeability coefficient at different confining pressures are shown in Table 4 . The saturated permeability coefficient of the loess with filled fissure increases slightly with the increase of the confining pressure. The order of magnitudes of the saturated permeability coefficient in these tests all are 10 -4 cm/s. 
Volume strain
The relationship between volume strain, time and confining pressure is showed in figure 5 . When the confining pressure is 400kPa, the volume of sample reduces gradually and volume strain increases with the increase of test time. This indicates that the structure of the sample is changed in the infiltration pressure and confining pressure. The volume of soil sample is almost no change in the tests of confining pressure 300kPa and 200kPa.
CONCLUSIONS
Through a series of infiltration tests of loess with filled fissures, results show as follows. (1) The permeability of loess with filled fissure in different directions is different.
Confining
(2) The structure of the loess has an obvious influence on its permeability. The undisturbed soil has the biggest drainage quantity in the test.
(3) Comparing the undisturbed soil, the unsaturated permeability is smaller in the loess with fissures.
(4) The faster the sample is saturated, the bigger growth rate of the sample's volume strain will be.
(5) The saturated permeability coefficient of the loess with filled fissures increases slightly with the increase of the confining pressure.
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